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Abstract This report briefly provides general infor-  an environmentally friendly way, to guard against natu-
mation and a component description of the recently es- ral catastrophes, to assess changes in the climate and the

tablished IVS Analysis Center at GFZ and outlines the €nvironment and man’s impact on these, and to research
s and utilise our world below ground, all based on a com-
planned activities.

prehensive understanding of systems and processes.

At this research facility within Department 1
'‘Geodesy and Remote Sensing’ and its Section
1.1 ‘GPS/GALILEO Earth Observation,’ a VLBI

group was established in November 2012.
Helmholtz Center Potsdam, GFZ German Research

Center for Geosciences is the national research center
for Earth sciences in Germany. The main tasks of GFZ o
according to its website (www.gfz-potsdam.de) are: 2 Component Description

1 General Information

System Earth—Research Focus of the GFZ German Re- _.. .
search Center for Geosciences Since December 2012, GFZ has been an associate

The Earth is a dynamic planet. Under the influence of Analysis Center (AC) of IVS. We are installing and
external and internal forces, it is continuously changing. automating our VLBI analysis process in preparation
The solid Earth, the atmosphere, the hydrosphere and the for becoming an operational AC. We will analyze
thingslivin_g within them are always_interacting. In_short, all incoming geodetic/astrometric types of sessions
the Earth is a complex system, with forces and interac- . ; . .
tions between many different partners. To understand the ahd_ provide interim results '_n_the SINEX form_at
world in which we |ive’ from our regiona' environment W|th|n 24 hOUI’S aftel’ the pI’OVISIOI"I Of database fI|eS
to the entire planet, it is necessary to understand how the Of version 4 or higher at IVS Data Centers. At the
System Earth works in all details. In the analysis, we have end of 2013 we started a Comp|ete re-processing
to include the actlvmes'of m_ankmd and thelr'lnfluence on o all available IVS databases to get prepared for a
the natural processes in this complex, nonlinear system, o .
which in turn affects the environment we live in. contribution tg ITRF2013. We are also performmg as

The overarching research aim of the GFZ is one of de- an IVS Combination Center for tropospheric products.
veloping strategies and demonstrating practical options, In 2013 the IVS rapid combination product was
e.g. to preserve natural resources and to exploit them in determined at GFZ, while results and written output
ere still provided via the Deutsches Gétidches

1. Helmholtz Center Potsdam, GFZ German Research Center\% L
Geosciences Forschungsinstitut (DGFI) webpage. In 2014, we

2. Shanghai Astronomical Observatory, Chinese Academy Wfill finish the migration of the IVS troposphere

Sciences Combination Center from DGFI to GFZ.
3. Instituto Geogfico Nacional, Centro Nacional de Infor-
macibn Geogafica
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3 Staff opment of the differential VLBI (D-VLBI) method
and its application for geodetic purposes.

At the GFZ IVS AC, the operational work is done® VLBI data ana!ysis using Kalman filtering o

by Robert Heinkelmann, Tobias Nilsson, and Julian Within the project VLBI-ART (VLBI Analysis in
Mora-Diaz. In addition, Maria Karbon and Benedikt Real-Time, [1]) we plan to implement a Kalman fil-
Soja work within project VLBI-ART about the appli- ter solution in the .Vlenna VLBI Sgtware (VieVvs)
cation of Kalman filtering to VLBI analysis, and Vir-  [2], @ an alternative to the classical least squares
ginia Raposo-Pulido works on the ICRF and related Solution (LSQ). The aim of the Kalman filter solu-
systematic effects. Liu Li and Minghui Xu are guest 10N is that it should be able to analyze VLBI data
PhD students from Shanghai, China, and Cuixian Lu is 1N néar real-time. Thus, the software will be ready
a guest PhD student from Wuhan, China. Harald Schuh o @ possible future scenario where the VLBI ob-
is managing our group and, as long as his schedule al- servations are available with a much shorter latency

lows, he is still very active for the IVS. A photo of us  than today. o
is shown in Figure 1. An advantage of a Kalman filter is that the parame-

ters can be modeled as stochastic processes instead
of with the piece-wise linear parametrization nor-
mally used in the LSQ solution. This allows better
modeling of the random variations in e.g. the tro-
pospheric delays. Furthermore, a Kalman filter re-
quires less computer memory compared to the LSQ
method, what will be an advantage for VLBI2010
where the amount of data will increase by several
magnitudes. We will also investigate the possibility
of including data from other sensors in the Kalman
filter. These could for example be data on geophysi-
cal excitations of Earth rotations (e.g. from numeri-
cal weather prediction models), tropospheric delays
from water vapor radiometers or GNSS, or Earth
rotation parameters from GNSS and ring laser gy-
Fig. 1 The GFZ VLBI group in October 2013. roscopes.
As a first step we have performed various investi-
gations in which we applied Kalman filtering for
combining VLBI results (produced with the LSQ
solution in VieVS) with results from other tech-
4 Current Status and Activities niques. For example we made several tests combin-
ing VLBI data with atmospheric excitations from
e VS Associate Analysis Center at GFZ numerical weather prediction models. Furthermore,

At GFZ we use VieVS for VLBI data analysis start- W& combined hourly EOP estimated from VLBI
ing at DB version 4 or higher. Together with the ~2nd GNSS [3].

IVS Analysis Center at the Department of Geodesy An inter(_asting possibility is to use a K_alman filter
and Geoinformation, Vienna University of Technol- {0 combine UT1-UTC parameters estimated from
ogy, we develop VieVs. the VLBI Intensive sessions with Length of Day

e Space applications (LOD) data obtained from GNSS [4]. The LOD
Our scientific work focuses on VLBI applications ~ffom GNSS provides precise information about the
in space, on GNSS observations using VLBI an- short term (one week or less) UT1-UTC variations,
tennas, and on co-location in space of the various While the VLBI Intensives have the long-term sta-
space geodetic techniques (VLBI, GNSS, SLR, and bility. In addition, other parameters common to

DORIS). One of the next steps will be the devel- Poth VLBl and GNSS can be combined in the
Kalman filter, i.e. polar motion, station coordinates,
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and tropospheric delays. Because correlations be- we will submit our solution to IVS, applying to be-

tween the VLBI UT1-UTC estimates and errors of
other parameters exist, this will additionally help to
improve the UT1-UTC results. As an example, Fig-
ure 2 shows UT1-UTC from 2008-2010 estimateg\
when also combining the tropospheric delays in the
Kalman filter, compared to when not doing this.

come operational.
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Fig. 2 UT1-UTC estimated from a Kalman filter combination
of the results of the VLBI Intensive sessions and the GNSS
LOD estimates, relative to estimates from the IVS-R1/R4 ses;,
sions. Shown are the results obtained when combining the UT1-
UTC/LOD and polar motion, as well as the case when also com-
bining the tropospheric delay estimates.

e Long-term troposphere combined product
It is planned to generate a new updated version of
the long-term tropospheric combination product in-
cluding the most recent observational data.

5 Future Plans

e |VS Operational Analysis Center at GFZ
At GFZ we would like to become an operational
Analysis Center of IVS. Therefore we are installing
and automating the standard VLBI data process-
ing using VieVS in least squares estimation mode.
Once we have finished a complete re-processing of
all available IVS databases of version 4 or higher,
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